Citrus grandis 'Tomentosa' is a traditional Chinese medicine, used as an antitussive. In this research, melitidin, a flavanone glycoside, was isolated from this species for the first time by using chromatographic methods. The structure was confirmed through comprehensive analyses of its ultraviolet, infrared, 1 H and 13 C NMR, HMBC and HMQC spectroscopic and high-resolution mass spectrometric data. Meliditin showed a good antitussive effect on cough induced by citric acid in Guinea pig, suggesting that it was a contributor to the antitussive effect of C. grandis 'Tomentosa'.
Flavonoids provide many benefits to human health and Citrus has proved to be a good source of these compounds. C. grandis 'Tomentosa', a cultivated variety of C. grandis (L.) Osbeck in Huazhou, Guangdong Province, China, is a famous traditional Chinese medicine, recorded in the Pharmacopoeia of the People's Republic of China for preventing cough and dissipating phlegm [1] . Naringin, a component of C. grandis 'Tomentosa', has shown antitussive [2] , anti-inflammatory [3, 4] , anti-oxidant [5] , and mucous hypersecretion inhibiting properties [6] , all of which make contributions to preventing cough. However, is there any other substance in C. grandis 'Tomentosa' having antitussive activity? In this study, we report the isolation and structural characterization of a newly found flavonoid, named melitidin, from this taxon. Besides chemical structure determination, examination of its antitussive effect was also carried out.
Compound 1, melitidin, a yellowish solid, showed positive results when reacted with phosphomolybdic acid and Molisch reagent, suggesting a flavanone glycoside. As the UV spectrum (λ max 285.1 nm) was similar to that of naringin, it was presumed to be a derivative of naringin. The TOF MS exhibited a mass-to-charge ratio (m/z) of 723.2109 in negative ion mode, indicating its chemical composition as C 33 H 39 O 18 . The MS/MS fragmentation pattern showed characteristic fragment ions at m/z 621, 579, 459, 271 and 151 ( Figure 1 ), most of which were the same as those of naringin. The IR spectrum showed the existence of hydroxyl groups (3407 cm -1 ), a carbonyl group (1722 cm -1 ) and an aromatic moiety (1577 cm -1 ). The 13 C NMR spectroscopic data mostly agree with those reported by Di Donna [7] . However, some mistakes in the assignments of the NMR signals to carbon atoms in Di Donna's report were found by referring to HMBC spectral data. According to the HMBC correlations of H-6 with C-7 and H-2 with C-9, the δ C-7 and δ C-9 are 166.5 and 164.6 ppm, respectively. HMBC correlations of H-7 with C-1'' and H-6/8 with C-10, with δ C-6 higher than δ C-8 [8] , indicated that the δ C-1'' , δ C-6 and δ C-8 signals are at 99.2, 98.0 and 96.8 ppm, respectively. The β-glucose group was connected with the flavanone aglycone by C-1'' and C-7, which was confirmed by HMBC correlations of H-1'' (δ 5.10, d, J = 2.7 Hz) and C-7. The HMBC correlation of H-1''' (δ 5.25, d, J = 2.7 Hz) and C-2'' suggested the position of connection between the α-rhamnose and β-glucose groups (C-1'''→C-2''). The HMBC and HSQC spectral data showed the 3-hydroxy-3-methylglutaric acid (HMG) moiety and its connection to C-6'' of the glucose group. Therefore, the chemical structure of 1 was identified as naringenin 7-(2''-αrhamnosyl-6''-(3''''-hydroxy-3''''-methylglutaryl)-β-glucoside), to which the name melitidin was assigned.
The antitussive effect of meliditin was tested by its capacity to prevent citric acid-induced cough in Guinea pig. The results (Table  1) showed that the percentages of cough inhibition between meliditin (23 mg/kg) and codeine phosphate (4.8 mg/kg) were almost the same, and the number of coughs in these groups had significant difference compared with that of the vehicle group (p < 0.01). The results suggested that meliditin had a good antitussive activity, which contributes to the pharmacological effect of C. grandis 'Tomentosa' and could be an antitussive candidate. In conclusion, a flavanone, named meliditin, was isolated from C. grandis 'Tomentosa' for the first time. Its chemical structure was identified by UV, IR, and NMR spectroscopic and MS data. Melitidin inhibited citric acid-induced cough in Guinea pig, which indicated that melitidin was a contributor to the antitussive effect of C. grandis 'Tomentosa'.
Experimental
General: UV, UV-2501PC (Shimadzu); IR, Equinox 55 (Bruker);. MS, Acquity UPLC-Q-TOF Micro (Waters); NMR, AVANCE 400 NMR spectrometer (Bruker). The isolation and purification of meliditin were carried out on a D101 macroporous resin column (Chemical Plant of Nankai University) and a 600E HPLC system (Waters) coupled with a LiChrospher 100 RP-18 column (Merck), respectively. Dunkin-Hartley Guinea pigs of either sex (300-350 g), from Guangdong Medical Laboratory Animal Center, were induced to cough by citric acid (Tianjin Fuchen Chemical Reagents Factory).
Plant material:
The immature fruits of C. grandis 'Tomentosa' were collected in Huazhou, Guangdong Province, and identified by Prof. Wenbo Liao (plant taxonomist) from Sun Yat-sen University. A voucher specimen was deposited at Sun Yat-sen University.
Extraction and isolation:
The fruits were dried and pulverized at room temperature. The powder (400 g) was macerated in MeOH and ultrasonically extracted for 0.5 h. The filtrate was concentrated to yield a crude residue. This was redissolved in water and subjected to CC (D101 macroporous resin, two column-volumes of EtOHwater (20:80) followed by the same volume of ethanol-water (30:70)). The fraction eluted by EtOH-water (30:70) was collected and concentrated under vacuum. The melitidin (about 350 mg) was separated from the concentrated solution on a C-18 highperformance liquid chromatographic column with a mobile phase composed of methanol and water (38:62).
Meliditin ( 
Antitussive activity:
This experiment was carried out in accordance with guidelines from the Animal Ethnics Committee of the School of Life Sciences, Sun Yat-Sen University. Guinea pigs were acclimatized for 1 week at a room temperature of 23 ± 3°C and relative humidity of 55 ± 15% with a light-dark cycle before administration, which was randomly assigned to 5 experimental groups (10 animals/dose). After overnight fasting, animals were orally administered by gavage with meliditin (11.5, 23, 46 mg/kg), codeine phosphate (4.8 mg/kg) or vehicle. One h after administration, Guinea pigs were placed in a transparent perspex box with a 5 min air change by a citric acid (0.8 M) airflow at a velocity of 0.15 mL/min. After being placed in the box, the number of coughs (N) of each animal was counted by two trained observers, who were unaware of the treatment, for 7 min. The percentages of cough inhibition were calculated by the following formula: (N (vehicle) -N (meliditin/codeine phosphate) )/ N (vehicle) ×100%.
Statistical analysis:
The number of coughs in each group was expressed as mean ± SD. The data were analyzed with one-way ANOVA followed by Dunnett's t-test for post hoc comparisons. A p value less than 0.05 was considered as significant.
